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ABSTRACT 

Aims. We study a peculiar object with a projected position close to the nucleus of M51. It is unusually large for a star cluster in M51 
and we therefore investigate the three most likely options to explain this object: (a) a background galaxy, (b) a cluster in the disk of 
M51 and (c) a cluster in M51, but in front of the disk. 

Methods. We use broad-band images of the Advanced Camera for Surveys and the Near Infrared Camera and Multi-Object 
Spectrometer, both on board the Hubble Space Telescope, to study the properties of this object. Assuming the object is a star cluster, 
we fit the metallicity, age, mass and extinction using simple stellar population models. Assuming the object is a background galaxy, 
we estimate the extinction from the colour of the background around the object. We study the structural parameters of the object by 
fitting the spatial profile with analytical models. 

Results. We find de-reddened colours of the object which are bluer than expected for a typical elliptical galaxy, and the central sur- 
face brightness is brighter than the typical surface brightness of a disc galaxy. It is therefore not likely that the object is a background 
galaxy. Assuming the object is a star cluster in the disc of M51, we estimate an age and mass of 0.7*[H Gyr and 2.2*S| x 10 5 Af Q , 
respectively (with the extinction fixed to E(B-V) = 0.2). Considering the large size of the object, we argue that in this scenario we 
observe the cluster just prior to final dissolution. If we fit for the extinction as a free parameter, a younger age is allowed and the 
object is not close to final dissolution. Alternatively, the object could be a star cluster in M51, but in front of the disc, with an age 
of 1.4*02 Gv r ' mass M = 1.7*?'? x 10 5 M Q . Its effective radius is between ~12-25 pc. This makes the object a "fuzzy star cluster", 
raising the issue of how an object of this age would end up outside the disc. 

Key words, galaxies: individual: M51 - galaxies: star clusters 



1. Introduction 

Recently, Scheepm aker et al] d2007l) studied the effective (half- 
light) radii of 1284 star clusters in the disc of M51. The largest 
cluster candidate in their sample, carrying their ID number 
"212995", is remarkable in several ways. 

If the object is a cluster in the disk of M5 1 , it is exceptionally 
large, with an estimated effective radius of 21.6 pc, and located 
at a galactocentric distance of 1 kpc in a region with many dust 
lanes. A cluster with this size and galactocentric distance is not 
expected to survive for long in the spiral disc, where the dis- 
ruptive effects of the tidal field and other external perturbations 
(spira l arms, GMCs) are large dGieles et alj|2005t iGieles et al.l 
2006). If the cluster candidate is indeed in the disc, it should 
therefore be young and highly reddened to account for its ob- 
served colours of B — V = 0.75 and V—I = 1.05. Using only 
2 colours, however, Scheepmake r et al.l (120071) could not accu- 
rately determine an age and extinction. 

Observations of HII regions in the disc of M5 1 show that 
the metallicity of the gas is appro ximately solar to twice solar 
dDiazetal.|[T99H iHill et al.| [l997). If the object is in the disc 
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of M5 1 , we would therefore expect its metallicity to be around 
solar. Outside of the disc, the metallicity could be lower. 

There is also the possibility that the object is a background 
galaxy. The observed colours of the object are similar to the 
colours of typical background galaxies, but this suggests that the 
reddening through the disc of M51 is negligible. This would be 
quite remarkable at a distance of 1 kpc from the nucleus, where 
the extinction is expected to be high, as suggested by the pres- 
ence of numerous dust lanes. The hypothesis of a background 
galaxy therefore suggests a chance alignment, such that the ob- 
ject is observed through a "hole" in a region of the disc with 
many dust lanes. 

In this work we present a more detailed study of the nature 
of the object by extending the data with archival HST/NICMOS 
observations in F110W and F160W, and by estimating the ex- 
tinction of the object. Having better constraints on the intrinsic 
spectral energy distribution of the object, we compare the two 
hypotheses, of the object being a star cluster or a background 
galaxy, in a quantitative way. 

2. Observations and photometry 

2.1. Observations 

We make use of the HST/ACS dataset in the F435W, F555W 
and F814W bands of M51 (NGC 5194). These data were taken 
as part of the Hubble Heritage Project in January 2005 un- 
der proposal ID 10452 (PI: S. V. W. Beckwith). We also used 
HST/NICMOS (NIC3) observations in the F110W and F160W 
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Fig. 1. Colour image of 120 x 120 pixels centred on the peculiar 
object "212995". F435W is blue, F555W is green and F814W is 
red. The two rings have a radius of 9 and 10 pixels, respectively. 
The box shows the 40 x 40 pixel region used for estimating the 
intrinsic colour of the background. 



bands from the archives (proposal ID 723 7, PI: N. Scoville). The 
ACS dataset is described in more detail in Mutchler et al ] (120051) 
and Scheepmaker et al. (2007). For the NICMOS dataset, we re- 
fer to^^^^^3^^~ 

[Scheepmak er et all (120071) located the peculiar object 
(carrying their ID number 212995) at RA=13 h 29 m 51 s .94, 
Dec=+47°ll'19'/63. A colour image of a 120 x 120 pixel re- 
gion centred on the object is shown in Fig. [T| showing that the 
objec t is positioned in betwee n two dark dust lanes. 

IScheepmaker et ail (120071) used the ACS data to perform 
aperture photometry on the object. Their settings and aperture 
corrections were, however, optimised for star clusters with an 
effective radius of ~3 pc. We discuss new aperture photometry 
on the object in Sect. 12.21 taking into account the larger size of 
the object and its position in between the dust lanes. 

The effective radiu s of 21.6 pc was measu red by 
Scheepmaker et all (12007b . who used the Ishape routine dLarsenl 
1999, 2004) to convolve analytic surface brightness profiles with 
the point spread function (PSF). EFF (or Moffat) profiles with a 
power-law index of -1.5 were used (i.e. EFF15 profiles), be- 
cause these were found to be the best-fitting profiles for young 
stellar clusters in the LMC dElson et al.l 19871) . However, no tests 
were performed to find the best-fitting surface brightness profile 
for our specific object. We describe new fits to the surface bright- 
ness profile in Sect.|4] also using different analytic profiles. 

2.2. Photometry 

We performed aperture photometry on the object using the 
IRAF3t>AOPHOT package. For the ACS data an aperture with a 

1 The Image Reduction and Analysis Facility (IRAF) is distributed by 
the National Optical Astronomy Observatories, which are operated by 
the Association of Universities for Research in Astronomy, Inc., under 
cooperative agreement with the National Science Foundation. 



Table 1. Results of the aperture photometry, corrected for 
Galactic foreground extinction. 



Filter 




Magnitude (VEGAmag) 


F435W (~ 


B) 


22.13 


F555W (~ 


V) 


21.50 


F814W (~ 


I) 


20.49 


F110W (~ 


J) 


20.08 


F160W (~ 


H) 


19.26 



radius of 8 pixels (0.4") was used, and for the background annu- 
lus we adopted an inner radius of 9 pixels and a width of 1 pixel. 
This annulus is indicated in Fig.Q] Zero points in the VEGAmag 
system were taken from the ACS website. There is a possibility 
that the background annulus contains a small fraction of light 
from the object. However, this will leave the colours of the ob- 
ject, and therefore our results, largely unaffected, except for the 
value of the mass (Sect. 15.2b . which will be a lower limit. 

For the NICMOS data we used an aperture with a radius of 
2 pixels (0.4") and a background annulus with an inner radius 
of 2 pixels and a width of 1 pixel. These values are consistent 
with the aperture of the ACS photometry. The magnitudes in the 
VEGAmag system were determined from the PHOTFNU values 
from the header, and the bandpass averaged flux densities for 
Vega from the on-line photometric keyword tables. 

No aperture corrections were applied, since these are not 
well defined for an extended object of which the nature is not 
well known. However, the aperture was chosen to be as large 
as possible to minimise any systematic errors. Not applying 
any aperture correction will not change the colour of the ob- 
jects significantly (assumi ng th ere are no colour gra dients), since 
ISchee pmaker et al. (2007) and Bastian etail d2005l) have shown 
that the aperture corrections are practically the same for the dif- 
ferent filters we use. 

To facilitate reading, we will sometimes refer to the HST fil- 
ters using the extended Johnson-Cousin notation (BVIJH), al- 
though we note that no transformations to this system have been 
applied. The results of the photometry are listed in Table [1] 

3. Extinction 

We have corrected the aperture photometry for Galactic fore- 
groun d extinction according to Appendix B of Schlege fet al.l 
(119981) . Since the object is located in projection close to the nu- 
cleus of M51 (Rg = 1.02 kpc), there is possibly a significant 
amount of additional extinction caused by the ISM of M51. We 
used two methods to estimate this additional extinction of the 
object. We note that from here on, all quoted photometric values 
are already corrected for Galactic extinction, and any extinction 
we will mention refers to the additional extinction at the location 
of the object in M5 1 . 

3.1. Extinction from cluster models 

The first method used to estimate the extinction assumes 
that the object is a star cluster, so we use cluster mod- 
els to fit the extinction based on broad-band colours. We 
used the GALEV simple stellar popu lation (SSP) mod- 
els dAnders & Fritze-vTA lvensleven 2003) together with the 
AnalySED code ( lAnders et al.l I2004T) to simultaneously fit the 
extinction, metallicity, age and mass of the cluster, based on our 
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broad-band photometry i n the F435W F555W , F814W, F110W 
and F160W bands. The ICardelli et aH d!989l) standard extinc- 
tion law was used (Ry = 3.1). Table [4] shows the results for 
different initial constraints on the metallicity, which will be dis- 
cussed in more detail in Sect. 15.21 These results are consistent 
with E(B - V) < 0.7, with a best-fitting E(B-V) of 0.1. The 
resulting ages and masses from these fits will be discussed in 
Sect.EH 

3.2. Extinction from background colour 

The second method used to estimate the extinction of the object 
is based on comparing the average colour of a background an- 
nulus around the object to the intrinsic colour of the local back- 
ground. The advantage of this method is that we do not have 
to assume the nature of the object (background galaxy or star 
cluster) a priori. However, the local background might not be 
smooth, but could show intrinsic colour variations. The intrin- 
sic colour of the background is therefore not well defined and 
this method can therefore only provide a rough estimate of the 
extinction. 

For the average observed colour of the background around 
the object we used the same annulus as we used for the aperture 
photometry (i.e. an inner radius of 9 pixels and a width of 1 
pixel). After correcting for Galactic foreground extinction, the 
ring has a mean B-V and V-I of 0.75 + 0.06 and 1.29 + 0.06, 
respectively. 

To estimate the intrinsic colour of the background we used 
the 40 x 40 pixel region indicated with the box in Fig. Q] This 
region was selected because it is free of point sources and close 
to the object, and contains a large range of pixel colours, which 
we assume to be mainly due to extinction differences (the re- 
gion is at the border of a dust lane). We show the B-V versus 
V-I colour-colour diagram of all the pixels in this box in Fig. [2] 
which also shows the extinction vector. The observation that the 
scatter in this diagram is mostly parallel to the extinction vector 
is consistent with extinction being the dominant cause for colour 
variations among the pixels. Assuming that the pixels with the 
lowest values for B-V and V-I are least extincted, we estimate 
the upper limit for the intrinsic colour of the background to be 
(B-V)o = 0.55 + 0.10 and (V-I) = 1.00 + 0.10. 

We can estimate a lower limit for the extinction of the back- 
ground ring around the object by assuming that the ring has 
the intrinsic colour of the background, and that the extinction is 
caused by a foreground sheet. Thus, the observed mean colours 
of the ring result in E(B-V) = 0.2 + 0.1 and E (V-I) = 0.3+0.1. 
It is more likely, however, that any dust present in the ring will 
be mixed with the stars. For the same sheet of dust, this reduces 
the amount of extinction estimated by the observed colours of 
the ring. We therefore conclude that if our object is in the disc, 
it has an extinction of at least E(B-V) = 0.2. If the object is 
behind the disc, the extinction is likely to be even higher. 



4. Surface brightness profile 

In order to study the structural parameters of our object, we mea- 
sured the surface brightness profile by performing aperture pho- 
tometry in a series of circular rings around the object, measuring 
the average intensity in every ring as a function of radius. The re- 
sulting profile is shown in Fig. [3] in which we also plot the best- 
fitting s urface brightness pr ofiles as determined by the Ishape 
routine (lLarsen|["l999l 12004). Ishape fits two-dimensional ana- 
lytic profiles to the surface brightness distribution of a source, 
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Fig. 2. F435 W - F555 W versus F555 W - F8 1 4 W diagram of the 
pixels in the background box, after correcting for Galactic fore- 
ground extinct ion. The extinction vector is the standard extinc- 
tion law from lCardelli et all (11989). The cross in the top-left cor- 
ner shows the typical error of the pixel colours. The gray region 
is selected by eye and shows the uncertainty around the two val- 
ues selected as the intrinsic colour of the background (indicated 
by the two arrows): (B-V) = 0.55+0.10, (V-I) = 1.00+0.10. 



20 r 




log, (R/pix) 

Fig. 3. Surface brightness profile of the object (including error- 
bars), compared to the best-fitting surface brightness profiles, as- 
suming typical star cluster profiles (EFF15 and King 30) and the 
typical profile for elliptical galaxies (a de Vaucouleurs R 1 ^ 4 law). 

taking into account the convolution with the PSF of the tele- 
scope. In Fig. [3] we show the best-fitting profile s typically used 
for fitting star cluster s (i.e. a King 30 pr ofile, see lKinglll962l and 
an EFF15 profile, see lElson et al.l [l987) and the profile typically 
used for fitting elliptical gala xies (a de Vaucouleurs R 1 ^ pro- 
file, see Ide Vaucouleurslll948l) . The surface brightness profiles 
of these best-fitting models were measured from the model im- 
ages that Ishape creates. Therefore they include the convolution 
with the PSF and take into account the slight ellipticity of the 
object. 

Assuming different analytic profiles, we find consistent re- 
sults for the FWHM and the aspect ratio (a) of the object, 
namely FWHM =s 9 pixels (along the major axis) and a » 0.82. 
Although the cluster profiles (King/EFF) provide better fits than 
a de Vaucouleurs profile, Ishape can not determine the best- 
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Table 2. Results of fitting different analytic profiles to the ob- 
served surface brightness distribution on the F435W image, us- 
ing the Ishape routine. 



Table 3. Intrinsic broad-band colours of the object, assuming 
differe nt degrees of extincti on and using the Galactic extinction 
law of lCardelli etaT] dl989b . 



Profile 


FWHM (pix) 


R eS (pix) 


-Keff (pc) a 


de Vaucouleurs 


0.15 


1.1 x 10 J 




EFF15 


9.21 


9.47 


19.29 b 


EFF25 


9.34 


5.78 


11.77 


King 5 


8.80 


5.66 


11.52 


King 30 


9.07 


12.15 


24.74 



a Assuming a distance to M51 of 8.4 ± 0.6 Mpc (Feldmeieret al. 
[1993). 

b This value is sligh t ly sma ller than the i? cff = 21.6 pc measured by 
Scheepmak er et al.1 ( 120071) . which is caused by the use of a larger 
"fitting radius" in the current study (i.e. 10 pixels). 



E(B-V) 


(5 - V) 


(V - Do 


(J - H) 





0.63 


1.00 


0.82 


0.1 


0.53 


0.84 


0.79 


0.2" 


0.43 


0.68 


0.76 


0.4 


0.23 


0.35 


0.71 


0.6 


0.03 


0.03 


0.65 


0.8 


-0.17 


-0.29 


0.59 


1.0 


-0.37 


-0.62 


0.54 



a This value is our best estimate for the average extinction in a ring 
around the object (Sect. [3~2l l. 



fitting concentration/power-law index for these profiles, since 
the extended "wings" are affected by the dust lanes too much. 
The value for the best-fitting effective radius depends on this in- 
dex, and therefore on the choice of the profile. In Table [2] we 
summarise the results of fitting the surface brightness distribu- 
tion of our object, assuming different profiles. For the sake of 
completeness we also included the values for the de Vaucouleurs 
profile. Due to the much steeper decline in the innermost re- 
gions of a de Vaucouleurs profile, the FWHM of this profile is 
much smaller than the FWHM of the other profiles, and the ef- 
fective radius is much larger. These values are not very meaning- 
ful, however, since the de Vaucouleurs profile does not provide 
a good fit to the data. 

For compari son, the effective radius o f a typical star clus- 
ter is 2-3 pc dScheepmak er et al] 120071; iJordan et alj 2005; 
lHarrislll996l) . which, at the distance of M51, is equivalent to a 
FWHM as 1 pixel. Thus, although the effective radius of the 
object is not well constrained without knowing the underlying 
profile, it is clear that if the object is at the distance of M5 1 , it is 
about 9-10 times larger than a typical star cluster. 

5. The nature of the object 

5.1. Background galaxy 

If the object is a background galaxy, the mean extinction of the 
ring around the object (Sect. \3.2\ is a lower limit for the mean 
extinction of the background galaxy. If we use an extinction of 
at least E(B-V) = 0.2, as estimated in Sect. 13.21 to correct the 
observed colours, we find intrinsic colours of the background 
galaxy no redder than (B-V) = 0.43, (V-I) = 0.68 and 
(J-H)q = 0.81. In Table [3] we list the corrected colours for a 
range of extinctions. 

We can compare the intrinsic colours of t he background 
galaxy to the typical colours of other galaxies. iTinslevM 19711) 
finds (B-V)o ~ 0.9 for giant elliptical galaxi es (after apply- 
ing K -corrections), and using the catalog of lEisenhardt et all 
d2007l) . we find a mean (B-V) = 1.15 and (V-/) = 1.31 
for 486 galaxies i n the Coma cluster (without K-corrections). 
lTonrv et al.1 d2001l) find a mean colour of (V-I) = 1.15 ± 0.06 
for a survey of 300 (mostly E and SO) galaxies (without K- 
corrections). These colours are significantly redder than those 
estimated for our object. The colours used in these galaxy sur- 
veys are in the standard Johnson-Cousins system, and a direct 
comparison to the colours of t he background galaxy could there- 
fore be misleading. However, Fukugita et alj dl995l) give colours 



(not corrected for Galactic reddening) of galaxies with different 
morphological types in the HST/WFPC2 filter system. For E- 
and SO-type galaxies, these colours are (Vrssw - ^F8i4\v) = 1-27 
and 1.12, respectively. These colours are still significantly red- 
der than those estimated for our object, and this suggests that the 
colour differences involved in the transformations between the 
photometric systems are small. 

Applying K-correc tio ns to the objects in the catalogue of 
lEisenhardt et al] (120071) or lTonrv et alfd200ll) would make their 
colours bluer, but also the colours of our object would have to 
be corrected for its K-correction, depending on its unknown dis- 
tance. To reconcile the difference in colours between our object 
and these catalogue galaxies, the K-corrections of these galaxies 
have to be ~0.6 mag more negative (in B-V and V-I) than those 
of our object. C onsidering the dist ance to the Coma cluster of 
~ 85 ± 10 Mpc dJensen et al.|| 19991) . the expected K-corrections 
are < -0.1 mag dBicker et al.ll2004l) . Therefore we conclude that 
K-corrections cannot reduce the difference in colours between 
our object and the typical galaxies. 

In Fig.|4]we compare the intrinsic colours of the object to the 
typical galaxy colours. If our object is a background galaxy, its 
(B-V)q and (V-I)o colours are significantly bluer than the mean 
(B-V)o and (V-I)o colours of elliptical galaxies, and also bluer 
than 98% and 97%, respectively, of the galaxies of the Coma 
cluster. 

Another comparison to elliptical galaxies can be made in 
terms of the surface brightness profile. The surface brightness 
profile of many bright elliptical galaxies is be st described by a de 
Vaucouleurs R 1 ^ 4 law dde Vaucouleurs|[r948l) . In Fig.[3]we com- 
pare the surface brightness profile of our object with a fit assum- 
ing a de Vaucouleurs law. The figure shows that a de Vaucouleurs 
law is steeper than the observed surface brightness profile (both 
an EFF15 and a King 30 profile for clusters provide a better fit 
to the data). 

If our object is a background galaxy, it does not necessarily 
have to be an ellip tical or SO galax y, and could be a disc galaxy. 
For disc galaxies, Freeman ( 1970) found a nearly constant cen- 
tral surface brightness of fig = 21.65 ± 0.30 mag arcsec~ 2 for 28 
out of 36 galaxies. 7 out of 36 galaxies h ad a surface bright- 
ness brighter than ~ 20.1 mag arcsec~ 2 . Bar den et al] (2005) 
find /is = 21.11 ± 0.03 mag arcsec~ 2 , increasing with redshift 
to fiB ~ 19.7 + 0.07 mag arcsec -2 for z = 1. Comparing these 
values to our object, within a radius of 2 pixels our object has 
fig < 19.60 mag arcsec 2 , corrected for Galactic foreground 
extinction, and an extinction of at least E(B-V) > 0.2 for 
the disc of M51. Our object therefore has a surface brightness 
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Fig. 4. (B— V)o versus (V— 7)o diagram, showing the 486 galax- 
ies from the Coma cluster (red diamonds) , the mean (B-V)o of 
giant elliptical galaxies of iTinsley l dl97ll) (horizonta l line) and 
the m ean (V-I)o of mostly E and SO galaxies of Ton rv et ail 
(2001) (vertical line). For comparison, we also show the esti- 
mated intrinsic colours of our object, assuming an extinction of 
E(B-V) = 0.2 (green triangle). 

whic h is brighter t han the majority of the disc galaxies studied 
bv lFreerrianl jl970i) . but it is consistent with the brightest galax- 
ies from this sample and with the highest redshift galaxies from 
iBarden et alj d2005l) . 

Assuming the lower-limit estimate of E(B-V) = 0.2, we can 
therefore not exclude that the object is a background galaxy. We 
find, however, that for an elliptical galaxy, the object has (B - V)o 
and (V-I)o colours ~ 0.6 mag bluer than expected and a surface 
brightness profile that falls off less steeply than a R^ 4 law, while 
for a disc galaxy the surface brightness is remarkably high. 

5.2. Star cluster 

Assuming the object is a star cluster, it could either be located 
in the disc of M51, or in front of the disc and seen in projection. 
For the latter case, the metallicity of the cluster could be dif- 
ferent from the metallicity of the disc, and the extinction could 
be lower than the mean extinction of the ring around the ob- 
ject (Sect. [3T2). We used the GALEV SSP models described in 
Sect. 13.11 to fit the age, mass, extinction and metallicity of the 
cluster. We should note here, however, that not using U-band 
data in the SSP model fi tting makes the deri ved ages and ex- 
tinctions rather uncertain. lAnders et al.1 (120041) have shown that 
not including U-band data can lead to underestimating the ex- 
tinction and overestimating the ages of young clusters up to an 
order of magnitude. There are HST/WFPC2 U-band data of the 
region covering our object available in the archives. However, 
these data are not deep enough to detect our object. We can- 
not exclude the possibility that our object is younger than the 
best-fitting age determined from only using BVIJH. We will take 
this uncertainty into account when we draw our conclusions in 
Sect. [5] 

The results of the fits, for different initial constraints, are 
summarised in Table [4] Without any initial constraints on the 
metallicity and extinction, the age and mass of the cluster are 
not well defined, although the best fit indicates Z/Z = 0.4 and 
an extinction in the range 0-0.7 in terms of E(B-V). The low- 
est two metallicities (O.O2Z and O.2Z ) were fitted with a lower 
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Fig. 5. F435W - F555W versus F555W - F814W diagram, 
showing the colour evolution with time of two GALEV SSP 
models (green/solid: Z = 0.02, black/dashed: Z = 0.008 ), and 
the object without extinction correction (black square) and with 
an extinction correction of E(B-V) = 0.2 (green triangle). The 
symbols on the model curves indicate values of log(age), run- 
ning from 6.6 (lower left) to 10. 1 (top right) in steps of 0.5 dex. 

probability than a metallicity in the range 0.4 < Z/Z Q < 2.5. 
We therefore exclude these lowest two metallicities, which re- 
duces the maximum possible age and mass of the cluster to 
age < 2.1 Gyr and M < 2.8 x 1O 5 M . A metallicity in the range 
0.4 < Z/Z < 2.5 is consistent with the observed metallicity in 
the inner disc of M51 (Sect.Q}. 

If we fix the models to solar metallicity, we find an extinc- 
tion of E(B-V) = 0.1+2*, which is roughly consistent with our 
independent estimate of the extinction in the disc from Sect. [3] 
(using the average background colour). We therefore consider 
two cases: 

A. The cluster is located in the disc with an extinction of 
E(B-V) 0.2 and solar metallicity. 

B. The cluster is seen in projection against the disc with an ex- 
tinction of E(B-V) = 0.0 and a metallicity of Z/Z = 0.4. 

In Fig. [5] we compare the two cases with the F435W - F555W 
versus F555W-F814Wcolour-colour evolution of GALEV SSP 
models for Z/Z Q = 0.4 (black dashed curve) and Z/Z = 1 (green 
solid curve). 

Considering case A, we find a best-fitting age = 0.7*2 •] Gyr 
and M = 2.2^ x 10 5 M o . For case B we find an age of 
1.4^! Gyr and a mass of M = x 1O 5 M . 

If the cluster is located in the disk of M5 1 at a distance of 
only 1 kpc from the centre (case A), one must question how it 
can have survived for such a long time. To this end we estimate 
its initial mass and the expected disruption time. For clusters los- 
ing mass due to stellar evolution and tidal dissolution, the present 
mass is related to the initial mass as 

with M in M dLamers et al.ll2.Q05h . where [i ev is the fraction of 
the initial mass that would have remained at age t, if stellar evo- 
lution had been the only mass loss mechanism. For t = 0.7 Gyr 
and solar metallicity, one finds yU ev = 0.77. The parameters fo 
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Table 4. Results of fitting different GALEV SSP models to the broad-band photometry of the object. 



# Constraint ZjZ Age/Gyr MjWM a E(B-V) Comment 

T+ro 



0.4 


1 2 


1 6+ vi 
6^ 

1-u -1.5 
I 9+0.6 


0.1 


0.4 


1 2+'°^ 

i.o+"- 4 


0.1 
0.1 




L4 d:§ 


j a+o:l 
9 9+8:3* 

^-0.3 

0.084 a 






7+^ :i 
"•'-o.i 

0.004 a 





-0.1 
+0.4 



1 . none 

2. 0.4 < Z/Z G < 2.5 

3. Z = Z Q 

4. Z/Z G = 0.4, E(B-V) = 1.4+"= 1.7+"* case B 

5. Z = Z ,E(B-V) = 0.2 0.7+jj : ] 2.2™| case A 

6. Z = Z , £(g-V) = 0.7 0.004" 0.084" maximum extinction 

The errors in this best-fitting model can not be estimated due to the much lower probability of the remaining models. 



and y describe the mass lo ss due to dissolutio n of the cluster as 
(dM/df)dis = -M(?) 1_7 /?o dLamers et ai]|2005l). jV-body sim ula- 
tions of clusters in tidal fields dBaumgardt & Mak ino 2003|) and 
N-body simulations of cluster dissolution due to s hocks by en- 
counters w ith giant molecular clouds or spiral arms dGieles et alj 
2006, l2007h both suggest that y 0.62. This value agrees 
with the value that wa s derived empirically from cluster samples 
in dif ferent galaxies dBoutloukos & La mers 2003; Giele s etal] 
120051) . The value of the disruption parameter fo depends strongly 
on the local condit ions. For clusters in M51 at 1 < R < 5 kpc, 
iGieles et all (T2005 ) find a mean value of r = 6.6 x 10 5 yr. 
Adopting these values, Eq. [TJ implies an initial mass of M, 
4.5 x 10 5 M , and we find that the cluster has lost about 50% of 
its initial mass. 

In this estimate we have neglected the dependence of the 
dissolution time with galactocentric distance and the large ra- 
dius of the cluster. The dissolution time of clusters is ex- 
pected to decrease with galactocentric distance as to oc Rq/V, 
where V is the circular veloc i ty at distance Rp f rom the centre 
dBaumgardt & Makinol l200l IGieles et al .1120051) . This implies 
that to could be smaller than the value adopted above by as much 
as a factor two or three. In that case, Eq.Q]implies an initial mass 
of about 6-9xl0 5 M , and the cluster has lost about 70% of its 
mass. 

We note that the cluster, having a R e g of ~ 12-25 pc (de- 
pending on the assumed brightness profile, see Table [2}, is very 
extended and "fuzzy". The tidal radius of a M = 2.2 x 10 s M 
cluster at a galactocentric distance of 1.02 kpc is 



'GM" 



1/3 



R 2 ! 3 ~ 23.9 pc, 



(2) 



where we used V G = 200km s" 1 dGarcfa-Burillo et all [l993b . 
Therefore, if the object is a cluster in the disc of M51, its effec- 
tive radius of ~ 12-25 pc is very close to the tidal radius (within a 
factor ~0.5-l). This is remarkable, since such an extended clus- 
ter would not be able to stay bound at this location in the disc. 

The disruption time of a cluster depends implicitly on the 
radius through the parameter fo- For disruption in a tidal field, 
f oc f rh oc M l/2 rl /2 dSpitzerl [l987b . in which f rh is the half- 
mass relaxation time and rj, is the half-mass radius. This suggests 
that more extended clusters have a longer disruption time com- 
pared to compact clusters. However, for the disruption timescale 
(fdis) of clusters due to ex ternal perturb ations (e.g. shocks due 
to encounters with GMCs) Spitzerj d!958l) has derived that fdi S oc 
Mr h 3 , implying that a large clu ster is more suscep tible to exter- 
nal disruptive effects (see also IGieles et al.ll2006l) . Considering 
the location of the cluster close to the centre of M5 1 in a region 
with many dust lanes, the external perturbations are likely to 
dominate in the disruption, and they will shorten the disruption 



time for such an extended cluster, compared to the disruption 
time of a cluster with a typical size of about 3 pc. Therefore, the 
estimated value of the disruption time parameter to ~ 2-3 x 10 5 yr 
would be too large. Using Eq.[TJ this implies that the initial mass 
of such an extended cluster is probably much higher, to explain 
its current mass and age. This could mean that the cluster has 
lost significantly more than 70% of its initial mass, and is cur- 
rently uncomfortably close to final dissolution. Although such a 
scenario is not impossible, it is unlikely that we observe a cluster 
in this last phase of its lifetime. 

Case B, seeing the cluster in projection against the disc, is 
considered to be more likely. In this scenario the cluster can be 
located well outside the disc, where the tidal radius will be larger 
and the expected disruption time will be longer. This means that 
the initial mass needs to be lower compared to case A, and that 
we observe the cluster in a more "calm" phase of its lifetime. 

To establish the nature of the object with greater certainty 
than presented in this study requires spectroscopic observations. 
These will be challenging, however, considering the low bright- 
ness of the object (Table [TJ. Deep U-band imaging, obtained in 
good seeing conditions, would also help establish the age and 
extinction with greater certainty. 



6. Conclusions 

We have studied the photometry, extinction and structural pa- 
rameters of a peculiar object in M51 using HST/ACS and 
HST/NICMOS data. We have considered different possible sce- 
narios for the object, from which we conclude the following: 

1. If we assume that the object is a background galaxy, we es- 
timate that the extinction through the disc of M5 1 is at least 
E(B-V) = 0.2. Correcting for this minimum extinction, we 
find intrinsic colours of (B-V) = 0.43, (V-I) = 0.68 
and (J-H)o = 0.76. These colours suggest that the object 
is not a background galaxy, because (B-V)o and (V-I)o are 
~0.6 mag bluer than expected for a typical elliptical galaxy 
(Fig. |4]i and the surface brightness is ~ 2 mag arcsec -2 
brighter than a typical disc galaxy. If the extinction would 
be larger than E(B-V) = 0.2, these differences in colour and 
surface brightness would be even larger. 

2. The surface brightness distribution can be well approximated 
by typical cluster profiles (i.e. EFF or King profiles) with a 
FWHM of ~9 pixels. A de Vaucouleurs R 1 ^ 4 law, typical for 
elliptical galaxies, does not provide a good fit to the inner 
part of the observed profile (Fig. |3). Because the exact con- 
centration (or power-law) index of the object can not be de- 
termined, the effective radius of the object depends on the 
choice of the profile. Assuming the object is at the distance 
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of M51, our best estimates for the effective radius are be- 
tween ~12 pc and ~25 pc (Table|2]i. 

3. If we assume that the object is a star cluster in the disc 
of M51, we estimate an age of 0.7*9 ! Gyr and a mass 

M = 2.2t%j x 10 5 M Q , assuming E(B-V) = 0.2 and so- 
lar metallicity. Considering the large size of the object, how- 
ever, we estimate that in this scenario the cluster must ini- 
tially have been very massive (> 4.5 x 1O 5 M ), and that we 
observe the cluster just prior to final dissolution. Although 
not impossible, this scenario is considered to be unlikely. 

4. We can not fully exclude the possibility that our best-fitting 
cluster ages and extinctions are over- and underestimated, 
respectively, due to the lack of U-band photometry of our 
object. If we consider the maximum- fitted extinction of 
E(B-V) = 0.7 (model 6 in Table EJ, instead of the best- 
fitted extinction, the cluster has an age of only ~4 Myr and is 
not close to final dissolution. With our current data, however, 
the likelihood of this fit is very low. 

5. If we assume that the object is a star cluster well outside the 
disc of M5 1 and seen in projection against it, we estimate an 
age of 1 A +0 Q 5 2 Gyr and a mass of M = 1 .7^-| x 10 5 M Q . This 
scenario naturally explains why the best-fitting extinction is 
low, E(B-V) = 0.1^, although we observe the cluster in 
between two dust lanes. Furthermore, this scenario implies 
that we are not observing the cluster in a special phase of its 
lifetime. 

6. We conclude that, without additional U-band data or spec- 
troscopy, both the "disc" and "projection" scenarios are pos- 
sible within the uncertainties. With the current data, however, 
the cluster models favour the scenario in which the object 
is a star cluster seen in projection against the disc. In this 
scenario, the cluster just qualifies as being a "faint fuzzy" 
star cluster, na mely having (B-V)p > 0.6, (V-/)o > 1.0 
and R e g > 7 pc (lLarsen & Bro die 2000). Seen in projection 
against the spiral disc, the (projected) galactocentric distance 
of 1 kpc is not unexpected. However, with an estimated age 
of 1 .4*Q2 Gyr, the formation mechanism of such a cluster, 
in combination with its extended shape and its current loca- 
tion outside of the spiral disc, are interesting issues that leave 
room for further investigation. 

Note added in proof: After the paper was accepted we became 
aware of th e study of background galaxies seen though the disk 
of M 51 bv lHolwerda et al.l (12005). These authors found that the 
average opacity values for M 51 are the highest for any disk 
(Aj = 1.5), making it very unlikely that the object is a back- 
ground galaxy. 

Acknowledgements. We thank the International Space Science Institute (ISSI) 
in Bern, Switzerland, where part of this research took place. The anonymous 
referee is thanked for useful comments and suggestions. 



Diaz, A. I., Terlevich, E., Vilchez, J. M., Pagel, B. E. J., & Edmunds, M. G. 1991, 
MNRAS, 253, 245 

Eisenhardt, P. R., De Propris, R., Gonzalez, A. H., et al. 2007, ApJS, 169, 225 
Elson, R. A. W., Fall, S. M., & Freeman, K. C. 1987, ApJ, 323, 54 
Feldmeier, J. J., Ciardullo, R., & Jacoby, G. H. 1997, ApJ, 479, 231 
Freeman, K. C. 1970, ApJ, 160, 811 

Fukugita, M., Shimasaku, K., & Ichikawa, T. 1995, PASP, 107, 945 
Garcfa-Burillo, S., Combes, F, & Gerin, M. 1993, A&A, 274, 148 
Gieles, M., Athanassoula, E., & Portegies Zwart, S. F. 2007, MNRAS, 376, 809 
Gieles, M., Bastian, N., Lamers, H. J. G. L. M., & Mout, J. N. 2005, A&A, 441, 
949 

Gieles, M., Portegies Zwart, S. F, Baumgardt, H., et al. 2006, MNRAS, 371. 793 
Harris, W. E. 1996, AJ, 112, 1487 

Hill, J. K., Waller, W. H., Cornett, R. H., et al. 1997, ApJ, 477, 673 
Holwerda, B. W., Gonzalez, R. A., Allen, R. J., & van der Kruit, P. C. 2005, AJ, 
129, 1396 

Jensen, J. B., Tonry, J. L., & Luppino, G. A. 1999, ApJ, 510, 71 
Jordan, A., Cote, P., Blakeslee, J. P., et al. 2005, ApJ, 634, 1002 
King, I. 1962, AJ, 67, 471 

Lamers, H. J. G. L. M., Gieles, M., Bastian, N, et al. 2005, A&A, 441, 1 17 

Larsen, S. S. 1999, A&A Suppl. Ser., 139, 393 

Larsen, S. S. 2004, A&A, 416, 537 

Larsen, S. S. & Brodie, J. P. 2000, AJ, 120, 2938 

Mutchler, M., Beckwith, S. V. W., Bond, H. E., et al. 2005, BAAS, 37 

Scheepmaker, R. A., Haas, M. R., Gieles, M., et al. 2007, A&A, 469, 925 

Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525 

Spitzer, L. 1958, ApJ, 127, 17 

Spitzer, L. 1987, Dynamical evolution of globular clusters, Princeton Series in 

Astrophysics (Princeton University Press) 
Tinsley, B. M. 1971, Ap&SS, 12, 394 

Tonry, J. L., Dressier, A., Blakeslee, J. P., et al. 2001, ApJ, 546, 681 



References 

Anders, P., Bissantz, N, Fritze-v. Alvensleben, U., & de Grijs, R. 2004, 

MNRAS, 347, 196 
Anders, P. & Fritze-v. Alvensleven, U. 2003, A&A, 401, 1063 
Barden, M., Rix, H.-W., Somerville, R. S., et al. 2005, ApJ, 635, 959 
Bastian, N., Gieles, M., Lamers, H. J. G. L. M., Scheepmaker, R. A., & de Grijs, 

R. 2005, A&A, 431, 905 
Baumgardt, H. & Makino, J. 2003, MNRAS, 340, 227 

Bicker, J., Fritze-v. Alvensleben, U., Moller, C. S., & Fricke, K. J. 2004, A&A, 
413, 37 

Boutloukos, S. G. & Lamers, H. J. G. L. M. 2003, MNRAS, 338, 717 
Cardelli, J. A., Clayton, G. C, & Mathis, J. S. 1989, ApJ, 345, 245 
de Vaucouleurs, G. 1948, Annales d'Astrophysique, 11, 247 



